M-9728 US 



EXPRESS MAIL LABEL NO. 

EL 701019223 US 



CLAIMS 

What is claimed is: 

^ . A method of forming a hdit emitting device, said method comprising: 

fomiin^at least one of Fcesnel lens and holographic diffuser on at least one 
surface of a semiconductor ligh^emitter to affect light emitted by said semiconductor 
light emitter. 

2. The method of claim A wherein said semiconductor light emitter has at least one 
light extraction surface from where light is intended to be extracted, and wherein said 
10 forming is done on at leasyone extraction surface of said semiconductor light emitter. 

The method of claim 1 wherein said forming comprises pressing a stamping block 
against at least one surface of said semiconductor light emitter. 



rmc 



The method oy^laim 1 wherein said forming is executed concurrently with a 
wafer-bonding process, said wafer-bonding process comprising: 

15 " removing a first substrate of said semiconductor light emitter; and 

/ 

bonding a second substrate to said semiconductor light emitter. 

C^^^^^^^ "^^^teA^^ claim 1 wherein said forming comprises at least one method 

selected from etcM)ig, milling, ablation, machining, scribing, electron discharge 
machining, and stamping. 



20 6. The method of claim 1 further comprising: 

beveling/one or more sides of said semiconductor light emitter. 

I ■ • ■ - 

7. The method of claim 1 wherein said semiconductor light emitter has a light 
emitting layer, said method further comprising: 

confini: ig light emission to a preselected section of said light emitting layer. 
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8. The method of elaim 7 wherein said confining comprises at least ra^^^ethod 
selected from applying the Holonyak process, using selective area grow^, using selective 
area bonding, using diffusion, and using ion implantation. 

9. The method of claim 1 further comprising: 

5 ^ coating onejpr more surfaces of said semiconductor^light emitter with a reflective 
material. 

10. The method of claim' 1 further comprising: 
.(^^oating said Fresnel lens or said holographic diffixser with a reflective material. 

11. The method of claim 2 further comprising: 

10 forming an optical element on the'sm'face opposite of said extraction surface. 

12. A light emitting device comprising: 

a semiconductor light emitter; and 

/ 

a first optical element forming at least one surface of said semiconductor light 
emitter, said first optical element comprising one of Fresnel lens and holographic 

13. The device of claim 12 further comprising: 

a reflective materfci coating at least one surface of said device. 

14. The device of^elaim 12 wherein a light emitting layer of said semiconductor light 
emitter is made to erjiit photons primarily toward a preselected section of said first optical 

20 element. 

15. The device of claim 12 wherein at least one surface of light emitting device is 



1 5 diffuser 




16. The dewce of claim 12 wherein said semiconductor light emitter is a confined- 
emission spot light emitting diode. 
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17. The device of claim 12 wherein said semiconductor light emitter and ^id first 
optical element comprise (AlxGai.x)ylni.yP where 0 < x < 1 and 0 < y < 1 . 

18. The device of claim 12 wherein said light-emitting diode comprises a Ill-nitride 
semiconductor alloy and said first optical element comprises one ofsilicon carbide and 

5 sapphire. 

19. The device of claim 12 wherein said semiconductor/light emitter and said first 
optical element comprise aluminum gallium arsenide semiconductor alloy. 

20. The device of claim 12, wherein said semic9nductor Ught emitter has a flip-chip 
configuration. 

10 21. The device of claim 12, wherein said semiconductor Ught emitter has a 

configuration in which a light emitting layer of said semiconductor light emitter is 
substantially perpendicular, to said Fresnel lens. 

22. The device of claim 12, wherein the radiation pattem of said device is controlled 
by the ratio of the focal length of said first optical element to the distance between said 
15 first optical element and a light-emitting layer of said semiconductor light emitter. . 



/ 



23. The device of claim ^2, wherein said first optical element is designed to achieve 
one of light focusing, light ^^pllimating, and light diverging. 

a! 

24. The device of claimlTz wherein said first optical element is designed to direct 
light in a preselected direction. 

20 25. The device of claim 12 further comprising: 



L 



a seconc^optical elenient on a surface of said semiconductor light emitter opposite 
the surface having said first optical element. 



navir 
devi* 




26. Thfe device of claim 25 wherein at least one of said first Fresnel lens and said 
second Fre/nel lens is designed to focus light. 

(method of forming a light emitting device, said method comprising: 
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Stamping at least one optical element on at least one surface of a semiconductor 
light emitter to affect the light emitted by said semiconductor light ei^itter. 

28. The method of claim 27 further comprising: 

coating a surface of said light emitting device with a reflective layer. 

5 29. The method of claim 27 v^herein said stamping i^one on at least one of a 
semiconductor layer and a substrate layer of said semiconductor light emitter. 

30. The method of claim 29 wherein said senu^onductor layer comprises a transparent 
aluminum-bearing compound. 

3 1 . The method of claim 27, wherein saio pressing is executed at an elevated 
10 temperature, said elevated temperature being higher than room temperature. 

32. The method of claim 3 1 , further comprising lowering said elevated temperature to 
facilitate the separation of said starnping block from said semiconductor light emitter 
after said pressing. 

33. The method of claim 32, wherein said elevated temperature is higher than the 
15 ductile transition ternperature^f the material constituting said at least one surface on 

which said Fresnel lens is fonned. 

A light emitting d^ice comprising: 

/ 

a semiconductor light eniitter; and 

/ 

at least one optical element stamped on at least one surface of semiconductor light 
20 emitter, wherein said optical element is a first optical element. 

* / 

35. The device of claim 34 wherein a light emitting layer of said semiconductor light 
emitter is made^to emit photons primarily toward a preselected section of said first optical 
element. 

36. The. device of claim 34 wherein said light-emitting and said first optical element 
25 comprise (AlxGai-x)ylni.yP where 0 < x < 1 and 0 < y < 1 . 
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37. The device of claim 34 wherein said semiconductor light emitter comprises a ni- 
nitride semiconductor alloy and said first optical element compris^ one of silicon carbide 
and sapphire. 

38. The device of claim 34 wherein said semiconducto^ight emitter and said first 
5 optical element comprise aluminum gallium arsenide semiconductor alloy. 

39. The device of claim 34 wherein said light ejnitting diode has a flip-chip 
configuration. 

40. The device of claim 34 wherein said light emitting diode has a configuration in 
which the light emitting layer of said lightycmitting diode is substantially perpendicular to 

10 said Fresnel lens. 

^1. A light emitting diode array 96mprising a plurality of light emitting devices, a 
light emitting device comprising: 

a semiconductor ligjit emitter; and 

one of a Fresnel le^{^^d a holographic diffuser formed on a surface of said 
1 5 semiconductor light emitte 

42 A light emitting array comprising a plurality of light emitting devices, a light 
emitting device comprising: 

a semiconductor light emitter; and 



20 



an optic^il element stamped on a surface of said semiconductor light emitter. 

-^3^ A disi/lay device comprising at least one blue light emitting device, at least one 
green light emitting device, and at least one red light emitting device, wherein at least one 
of said blue light emitting device, green light emitting device, and red light emitting 
device comprises: 



semiconductor light emitter; and 
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one of a Fresnel lens and a holographic diffuser formed on a sur|iace of said 
semiconductor light emitter. 



A display device comprising at least one blue light emitting device, at least one. 
green light emitting device, and at least one red light emitting device, wherein at least one 
5 of said blue light emitting device, green light emittin^>^evice, and red hght emitting 
device comprises: 



a semiconductor light emitter; and 

one optical element stamped cm a surface of said semiconductor light emitter. 

45. A method for forming a ligl^jt emitting device, said method comprising: 

1 0 stamping an optical^^nent in a material, said material being transparent to light 

emitted from said light ra^itting device; and . 

bonding said optical element to a semiconductor light emitter. 

■ / , 
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